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SUMMARY 

The effects  of flame-immersed blades on conibustion s t a b i l i t y  and 
efficiency were determined at various  conibustor-inlet  conditions  by 
using  several  geometrical blade arrangements, two fue ls ,  two fuel-  

injection systems,  and two blade  temperatures.  Flat  blades, 3 by 16 by 1 13 

- inches, w e r e  immersed i n  the flame zone damstream of a conventional 8 
V-gutter baffle i n  a 5-inch-diameter,  connected-pipe, ram- jet  co&ustor. 

I 

Specific  codustor  configurations with flame-immersed blades shared 
=ked improvement fn s t a b i l i t y  and efficiency. The surface  temperature 
of the imnersed blades exhibited a second-order e f fec t  on the colnbustion 
s t a b i l i t y  and efficiency,  thereby  indicating that the ro le  of the flame- 
immersed blades w a s  primarily aerodynamic in   character   ra ther  than 
thermal. Attempts a t  duplicating  the benefits of flame-immersed blades 
by other means such as by  variations in the  gut ter   dbensions or  by 
upstream-air  vortex  generation were unsuccessful. 

The conibustion efficiency of a burner  configuration  containing 
blades  designed to   increase mixing of the flame w i t h  fresh  mixture 
downstream of the V-gutter  flame  holder was improved over that of a 
V-gutter  alone. In  addition,  the combustion efficiency of this config- 
uration w a s  less sensit ive t o  pressure than that of a V-gutter  flame 
holder alone f o r  the  range of pressures  investigated (0.45 t o  1 a t m ) .  

~ O D U C T I O N  

In the current   effor ts   to  improve ram-jet conibustm  performance, 
major emphasis has been placed upon the  design of  components upstream 
of the flame  such as flame holders,  fuel-injection systems, and other 
par ts  of the  induction system; and re la t ive ly  little has been done in 
the flame  region itself. The conibustion reactants are placed  together 
in   the  conibustion chamber, which affords space f o r  reaction. In the 
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case  oebaffle-type flame holders no assistance other than  the  recircu- 
lation zone of the flame holder is provided for the conibuation reaction. 
In the  case of the can-type c d u s t o r ,  somewhat mo-control  of the .L 

addition of air o r  mixture to the burning gases is achieved  by meana of 
the  axially spaced holes,  but no aerodynamic control exists within the 
colribustion space i t s e l f .  The  main reason far this is that materials 
t h a t  can survive  in  the combustion atmosphere are  not readily  available. 
It was feared that the  reaction w o u l d  be seriously quenched if materials 
were externally cooled. 
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Canibustion efficiency and s tab i l i ty  can be affected by surface6 
placed i n  the flame zone which are f'requently called "fLEbme-hm.axed 
surfaces" (refs. 1 t o  3). An increase i n  the limits of combustion in a 
ram-jet conibustor resulting from the addition of carbon wedges i n  the 
flame zone is  sham Fn reference 1. Oxidation of the carbon limited the 
investigation  to  intervals of short  operational  time. 

Improvement In the cambustion s tab i l i ty  of a single gutter achieved 
by filling it with ceramic material is briefly  reported i n  reference 2. 
The performance of a 4- by 8-inch  rectangular  ducted rm j e t  w i t h  up t o  
l2 gutters in tandem is reported b reference 3, page 9. While Inconel 
gutters, which melted dur- testing, were  used in obtaining most of the 
data in  reference 3, a newly developed material, molybdenum coated  with 
molfbdenum disilicide, was found sufficiently resistant to  melting and 
oxidation t o  be satisfactory as a flame-immersed material; it therefore 
was selected f o r  use i n  this investigation. 

T h i s  report indicates how the ccnnbuetion s tab i l i ty  and the effi- 
ciency of a V-gutter flame holder can be affected  by immersing fLat 
blades i n  the flame. Several  geometrical arrangements, tno  fuels (gas- 
oline and isopentane), two fuel-injection  system, and two blade temper- 
atures were used with various combustor-inlet  conditions. The tempera- 
ture of the httnersed blades was varied to   isolate   the aerodynamic effect 
of the immersed blade -om the canibined  aerodynamic aad thema1 effects. 

The investigation was conducted at the NACA Lewis Laboratory during 
1952 

APPARATUS 

The investigation  reported  herein was conducted in a 5-inch- 
diameter, connected-pipe, ram-jet combustor supplied w i t h  metereLCom- 
bustion  air at a pressure of 55 pounds per  square  inch  absolute. The 
combustion products were discharged to the  laboratory  exhaust system at  
a pressure of 2 pounds per  square  inch  absolute  (figs. 1 and 2 ) .  Sonic 
flow was maintained a t  the inlet  air control  unit shown in   f igure 1 t o  
isolate any large  pressure pulses occurring upstream in  the supply 
system. The air mass flow was varied hy moving a sleeve on the   a i r  
control u n i t t o  vary the number of holes exposed t o  the air. 
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In order t o  obtain  realist ic ram-jet operating  conditions,  sonic 
flow was maintained  with a two-dimensional vmiable-area exhaust nozzle 

quench the  reaction and t o  permit determination of combustion efficiency 
by calorimetric neethods . 

Y ( f ig  . 2) . A metered water spray was introduced a t  the  nozzle  exit  to 

Clear  gasoline or  isopentane  meteredby a rotameter was lnjected 

124 inches upstream of a V-gutter flame holder 12 inches wide by 1 

lb inches  high and was ignited  by a momentary hydrogen-oxygen p i l o t   i n  
one end of the gutter. 

.. . . 

The fuel   b jector   consieted of two concentric  tubes  with two rows 
of 0.055-inch holes,drilled lSOo apart,through  both tribes. Fuel was 
supplied t o  the center   tme and a i r   t o   t h e  annulus to atomize the  spray. 
The fuel  injector was mounted a t  the inlet of the d i f f u s e r  perpendicular 
t o  the  stream and oriented so that the fuel sprayed normal t o   t he  
stream  (fig. 2) . For part of the  investigation, a low fuel-injection 
pressure of about 10 pounds per square  inch gage was used and, for the 
remainder of the  investigation, a  high pressure of 45 pounds per square 
inch gage w a s  used. 

Two types of blade were used ( f ig  . 3) ; uncooled molybdenum blades 
protected from oxidation  by a coating of molybdenum disil icide,  and 
lnconel  blades protected from melting by internal water cooling. Unless 
otherwise  specified, the blades w e r e  uncooled. A maxim= of 12 blades, 

- by % by g inches, w e r e  cantilever-mounted in  the water-cooled corn- 13 1 1  
16 
bustor i n  various arrangements (fig.  4) . 

The coAustion  efficiency was determined by  operating  the conibustor 
a t  equilibrium a t  a given  condition  with the quench water rate adjusted 
so that the  temperature of the exhaust gases was 60O0 F. Efficiency 
calculations w e r e  based on the r a t i o  of t he   t o t a l  enthalpy rise over the 
theoretical  enthalpy  rise  possible if a l l  the   fue l  were completely 
b urned . 

Efficiency  calculations w e r e  made according t o  the following 
equation: 

x(% + me + q )  
q =  (H,) (f/a) 
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where 

51 c h u s t i o n   e f f i c i e n c y  

% 

4 enthalpy r i s e  of exhaust  gases, Btu/lb original air 

+I 

Hc lower heating value of fuel, Btu/lb 

f/a f ue l -a i r   ra t io  

enthalpy rise of water used t o  quench exhaust  gases, Btu/lb 
o r ig ina l   a i r  

enthalpy rise of cooling  Jacket water, Btu/ lb  original air 

and w h e r e  f o r  mixtures richer than  stoichiometric: 

enthalpy rise of stoichiomekric  mixture,  Btu/lb original air 

actual   fuel-air   ra t io  

stoichiometric  fuel-air  ratio 

latent  heat  ofvaporization,  Btu/lb  fuel 

mean heat  capacity, gtu/(?F)/lb fuel 

temperature of exhaust  gas,, OR 

inlet mixture temperature, OR 

With this method of .calculating conibustion efficiency, it is  not  posaible 
t o  a t t a i n  values of 100 percent a t  fue l - a i r  ra t ios  in excess of' 
Stoichiometric. 

C d u s t i o n   l i m i t s  were determined  by  gradually changing the   fuel  
rate,   or combustion pressure, from a condition of stable burning to  a 
condition of no burning, a change  which was defini te  and abrupt in  a l l  
cases. 

RESULTS AM) DISCUSSION 

The basic data f o r  conibustion limits and efficiencies discussed in  
th i s  section are presented in  tables L and.1L. 

. 
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Conibustion Limits 

k Configurations I and 11. - The conibustion limits w e r e  determined 
f o r  configurations I and II, illustrated i n  figures  4(a) and 4(b). 
Configuration I consists of a V-gutter flame holder alone and configu- 
ra t ion I1 contains 12 molybdenum blades mounted in  line with the V-gutter 
along the carbustor  axis and with the blade  faces  perpendiculas to   t he  
axis. The data obtained a t  a conibustor-inlet  velocity of 220 feet   per 
second  and an inlet-mixture  temperature of 200' F trlth isopentane and 
low-pressure f u e l   h j e c t i o n  are sham in   f i gu re  5, i n  which the limits of 
conibustion are   plot ted as functions of inlet pressure expressed i n  
atmospheres  and fuel  concentration  expressed as equivalence r a t io ,  that 
is, the ratio of actual  f u e l  concentration t o  the  stoichiometric f u e l  
concentration. The presence of the uncooled blades  considerably  extended 
the  operable f u e l  concentration range both rich and lean and lowered the 
minimum operating  pressure from 0.57 t o  0.35  atmosphere. 

n 

Geometrical  variations. - Inasmuch as the data i n  f igure 5 show that 
the  combustion limits were improved by the immersed molybdenum blades, 
the limits were also determined with the  blades  for the various geomet- 
rical configurations shown in figures  d(c> t o  4( f )  with isopentme and 
low-pressure fue l  injection. 

In configuration III (fig.  4(c)),  two-thirds of the blades w e r e  
removed from configuration I1 so as to leave blades i n  the f lrst ,  fourth, 
seventh, and tenth  positions.  Figure  6(a) conpares the limits of this 
configuration w i t h  the limits shown in figure 5 and shows tha t   the  limits 
l i e  approximately h a m y  between those of configurations I and 11. 

Configuration IV (fig. 4(d)) is similar to configuration I1 b u t  has 
the f i rs t  six blades remved. The data showing combustion limits are  
presented in  figure 6(b)  (analogous t o   f i g .   6 ( a ) ) ,  and they show that 
configuration IV was less   effect ive than configuration 11. It is thus 
indicated that the blades have more e f fec t  on the s t a b i l i t y  limit when 
placed  nearer  the  gutter  than the exhaust end of the conkustor. 

In configuration V ( f ig .  4(e) ) , a l l  12 blades w e r e  used as i n  con- 
figuration I1 except that a l l  the blades were pa ra l l e l  t o  the conibustor 
axis instead of perpendicular. The dab showing cor&ustion limits ase 
shown in figure  6(c) and indicate   that  the pazallel  configuration was 
less  than half a6 effective  as  configuration 11. This suggests t h a t  the 
aeroayaamic e f fec t  was Fmportant in stabi l iz ing conibustion when the 
blades were pependicular  to the colnbustor axis. 

In configuration V I ,  the 12 blades again were used but  w e r e  turned 
a t  a 45O angle t o  the conibustor axis w i t h  a l ternate  blades turned in  
opposite  directions as i l l u s t r a t ed   i n   f i gu re  4 ( f ) .  The resu l t s  shown in 
figure 6(d) show that the minimum pressure Umit was as good as f o r  
configuration II, b u t  the equivalence r a t i o  limits were s l i gh t ly  reduced. 
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It might be concluded  from +e foregoing  discussion that the combus- 
t ion  limit-was improved as the number of blades used'was hcreased up t o  
the number tes ted (12) and that-the combustion limit w a s  a function of 
the wake patterns of the  blades and was poorest when the  blades were 
paxallel  t o  the couibustor axis. 

Fuel  type. - lnasmuch as isopentane, use.d in the  foregoing tests, 
has a much higher vapor pressure  than  conventional  jet-engine  fuels,  the 
combustion limits of configuration V I  were a l s o  determined w i t h  gasoline. 
The data are sham i n  figure 7 along  with  the data f o r  isopentane. The 
minimum pressure l i m i t  was the same for  both fuels, and the  lean si& of 
the curve w&s approximately similar for  both  fuelsj   but the gasoline 
appeared  poorer than the.  isopentane on the  rich  side,  probably because 
the low-pressure fue l   in jec tor  was used  and  poor  atomization  penalized 
the  gasoline mixture more severely  than the more volatile  isopentane. 
The data are  interpreted  to mean that the  reported  trends  are  probably 
not  fuel  sensit ive  for petroleum fuels .  . .  

H i g h -  and low-pressure fuel   in ject ion.  - A study of the low-pressure- 
fuel-inJection system indicated  that it did not deliver a completely 
kromogeneous m i x t u r e  t o  the combustor. A more neasly homogeneous mixture 
was obtained  by  increasing  the  atomizing a i r  and fuel-injection  pressure 
t o  about 45  pounds per  square  inch gage.. T& combustion l.$mits of the 
V-gutter alone (configuration I) and of the in-1ine.blades (configura- 
t ion 11), which are presented f o r  the  low-pressure  injection system - 

with  isopentane in figure 5, were determined also for  the  high-pressure 
fuel-Injection system with  gasoline and are shown in   f igure  8. The data 
show that  the  high-pressure  fuel  injection improved the combustion l i m i t  
of the V-gutter  alone,  but that tbe combust.ion limits .of cpnfiguration 11 
stayed  virtually as shown in figure 5, indicating that the  blades are more 
beneficialwith a fue l  system tha t  does not  give god   spa t ia l   d i s t r ibu-  
tion  than  they  are  with a fuel system tha t  does. 

2-Inch gut ter .  - The isothermal-pressure drop of configuration I1 
was about 2.9 kinetic heads, which is 1 unit  higher than tha t  for the 
+-inch  V-gutter  alone.  Since  increased s t a b i l i t y  sometimes  accompaniee 

increased  pressure drop, an attempt was &e to  duplicate the combustion 
limits of the flame-immersed blades  with a s i w l e  V-gutter flame holder 
by  employing a wider V-gutter with a higher  pressure drop. Consequently, 
the combustion limits of a 2-inch V-gutter  with a pressure drop of 2.5 

kinectic heads were  compared with  those of the  12-inchV-gutter  used i n  
a l l  t h e  other   tes ts .  

I 

1 

The data presented in figure 9 show that the combustion limits fo r  

the 2-inch  V-gutter were poorer  than f o r  the .+-inch  V-gutter. The 1 

m N 

4 cxr 
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" decrease in   s t ab i l i t y  was probably  caused by the  increased air velocity 
past  the  larger  baffle.  This i s  i n  agreement with  the  stability . criterion, as reported i n  reference 4, which indicates  that  the optimum 
baffle-area blockage, with  respect t o  combustion limits, occurs when 
the  ratio of baffle  area t o  gas velocity  past  the  baffle is  a maxim. 
According t o  this  cri terion,  the optimum V-gutter  width  should  be 
approximately 1- inches i n  a 5-inch-diameter duct. 1 

2 

Effect of surface temperature. - The combustion limits of config- 
uration I1 were determined with  the water-cooled Incanel  blades  in 
order t o  separate  the  effect of hot  surface from the  aerdynamic  efYect, 
and these  limits are compared i n  figure 10 with  the  data for config- 
uration I and with  the  data  for  configuration I1 with uncooled blades. 
It can be  seen  that,  while  the limits of the cooled  blades were less  
than those of the uncooled blades,  the  gain produced by the  cooled 
blades was more than  half  that of the uncooled blades.  Therefore, it 
appears that   the  blades  in  this  posit ion  acted  principally as aero- 
m m i c  baffles  within  the flame zone, and the  surface  temperature w a s  
of secondary importance in   the  s tabi l izat ion mechanism. It should  be 
noted that  the  closest  blade t o  the  V-gutter was 4- inches from it, 

and the  surface temperature of any device closer t o  the V-gutter and 
immersed farther  into  the  recirculation zone of the  V-gutter may be 
of greater importance. The temperature of the uncooled molybdenum 
blades was as high as  2ZOO0 F, as  indicated by optical pyrometer 
measurement 6. 

1 
4 

The data show that  noncriticalmaterials can be used i n  a  ram-jet 
design t o  improve performance because  they can be cooled  without  severe 
combustion performance penalties. 

The reproducibility of the combustion-limit data is indicated in 
figure 10 by check data. f o r  configuration I obtained on a different 

Efficiency 

Configurations I and 11. - Configurations I and II were used t o  
determine if the mere presence of hot  incandescent  surfaces (up t o  
2200° F) might affect  the combustion efficiency.  This was  done a t  
three sets of operating  conditions  as  indicated in   f i gu re  ll. For the 
data  in  figure l l ( b )  the hydrogen-oxygen ignition flame was left on in 
order t o  obtain  the  data f o r  the V - g u t t e r  alone inasmuch as the condi- 
tions  are below the cadbustion limits.  Isopentane  with  low-pressure 
fuel  injection was used. 
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For all the conditions  investigated,  the combustion efficiency of c 

configuration 11 was essentially  the same as or slightly  higher  than  that 
of configuration I. 

Flame and mixtme mixing. - V i s u a l  study of the flame downstream of 
the  V-gutter  suggested  that a more rapid mixing of flame into  the  fresh 
mixture was needed t o  improve combustion efficiency. For this purpose 
1 2  blades were installed in the cambustion chamber In a manner intended 
t o  mechanically mix flame with  fresh m i x t u r e ,  yet far enough downatrem 
of the V-gutter so as not  to  upset  the  basic  ste;bil?ty-.of"the flame in 
the  gutter wake.  The azrangement, configuration V I I ,  is a h m .  in f ig -  

rows  were parallel  to  the  stream  with four blades t o  each row i n  equally 
spaced positions,  but  each  blade  occupied  a  different--station in  an . 

alternating  fashion from row t o  row. Each blade-w&s'incilned at an angle 
of attack of 450 to   the stream, and a l l  blades were turned i n  the same 
direction so as to   indicate  a right-hand  threaded system. 

N m 
4 
0, 

.. . . . - __ 

.ure  4(g). The blades were arranged in  three  equally spaced rowe; t h e  

The combustion efficiency of t h i s  conf3guration,  sham as a function 
of equivalence r a t i o  in  figure 12, was 7 percentage points higher  than 
corresponding h t a  for  a V-gutter  alone at an equivalence r a t i o  of-1 and 
14  percentage  points  higher a t  an equivalence r a t i o  of 0.8. The inlet 
conditions were pressure, 1.33 atmospheres; temperature,  approximately 
250' Fj and velocity, 200 feet   per  second. Isopentane and low-pressure 
fuel injection were used for  the  data in figure 12 .  

Upstream vortex  generation. - An attempt t o  match this tncrease in 
efficiency  by  imparting a vortex or s w i r l  W *.stream upstream of the 
baf'fle w a s  made by  install ing two vortex  generators 4 inches  upstream o f  
the  baffle,  as shoTjliin figure  4(h),  configuratlon V I I I .  These vortex 
generators were 1 inch wide and 3 inches long and i n c l a d  a t  a loo angle 
of attack. The intended flow  pattern w a s  two contrarotating spirals in 
order t o  m i x  flame i n  the  gutter-baffle wake with  fresh m i x t u r e .  The 
efficiency of configuration V I I I  is a lso sh&n in  f igure 12 and was le66 
than 30 percent. The explanation is offered that the mixing occurred  too 
soon, before the flame immediately behind the baffle was well  established, 
and tha t  mixing served more t o  quench the flame than t-o extend its propa- 
gation. This is supported  by the f ac t   t ha t  the combustion limits o h o n -  
figuration V I I I ,  as indicated 011 the  efficiency  curves  by  the span of the 
curve, were much poorer than those of configurations . . ." . - -. " " ." I . . and . - 11 or VII. . 

. .  

..  - " 

Wider guttera - Another attempt to  duplicate  the increase In e f f i -  
ciency  achieved by configuration V I 1  was made by increasing  the  baffle 

width from 1 z . t o  2 inches  since  increased  pressure drop  can sometimes 

increase combustion efficiency. The resultant data with  gasoline and the 
high-pressure fuel injector are shown in figure 13 and indicate  that   thie 
change lowered the cambustion efficiency  approximately 5 percentage 
points. 

1 
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The conclusion from the data in figures 1 2  and 13 is that  aiding o r  
speeding up the m i x i n g  process between flame and fresh mixture  with con- 
current  increase in over-all  reaction  rate is readily accomplishable 
downstream  of the flame-holding baffle,  but is d i f f icu l t  t o  achieve 
upstream of the flame region  without  lnterfering  with  the  stability. 

Cooled a d  uncooled blades. - The effect of the mixing blades of 
configuration V I 1  was further  investigated  by  determining  the combustion 
efficiency wlth both  cooled and uncooled blades. The data, which are 
presented in figure 14 along w i t h  the data f o r  configuration I, were taken 
with  gasoline and the  high-pressure  fuel  fnjector at the following i n l e t  
conditions:  pressure, 1 atmosphere; velocity, 200 feet   per secondj tem- 
perature, 20O0 F. The cooled blades produced approximately 80 percent as 
much increase in efficiency as the uncooled blades at 89 equtvalence 
ra t io  of 1. These data seem t o  show that  the aerodynamic mixing effect  
of the  blades on combustion efficiency is great and the  surface tempera- 
ture  effect ,  while  appreciable, is notably less. 

The significance of the  foregoing  discussion is that  flame-immersed 
surfaces can be  used in ram-jet  canbustor  design t o  increase  both combus- 
tion limits and efficiency, and also that noncritical materids can be 
assigned t o  this job slnce  they can be  cooled  without  severe performance 
penalties . 

The improved conbustion efficiency of configuration VI1 w i t h  the 
uncooled molybdenum blades compared w i t h  configuration I at  a decreased 
inlet  pressure of 0.67 atmosphere is shown in figure 15. The other inlet 
conditions w e r e  the same as those in figure 14. 

Effect of pressure on efficiency  with flame m i x i n g .  - The efficiency 
of configuration V I 1  with uncooled molybdenum blades was investigated mer 
a range of combustor-inlet  pressures from 0.45 to 1 atmosphere with gaso- 
l ine  and the  high-pressure  fuel system. The resultant data are shown in 
figure 16. 

The canibustion efficiency data of reference 5 obtained  for  the same 
5-inch-diameter combustor described  herein with a V-gutter  alone  correlate 
with  the inlet flaw variables of static  pressure P, temperature T, and 
velocity V by the empirical parameter P0.3TV-0.8. The exponents of the 
variables were determhed  by  taking  the  slope of the straight-line correla- 
t ion when combustion efficiency is plotted  against  the  variables  indivi- 
dually on logarithmic  coordinaks . If the conibustion efficiency data f o r  
configuration V I 1  are  cross-plotted from figure 16 at an equivalence r a t io  
of 1, the exponent of the  pressure  coefficient in this  empfrical parameter 
becomes 0.17 8s campared with an exponent of 0.27 obtained frm data in 
reference 5 taken  with a V-gutter at comparable M e t  conditions. Both 
sets  of data  are shown in figure 17. These data  indicate  that  the combus- 
tion  efficiency of Configuration V I 1  is less sensit ive  to  inlet   pressure 
than  that of the  V-gutter  alone. 
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OPERATIONAL LIFE OF BLADES 

The operational l i f e  of  both  types  of  blade was excellent  for  sev- 
eral  hundreds of hours  and  did not limit  the  test  duration  except  that  at 
inlet  air  pressures  above 1~ atmospheres  the  moly%denum  blades  sometimes 
bent  under  ram  pressure  when  incandescent. 

1 
. .  

RJ"4RY OF FUZSULTS 

The  following  statements  summarize  the  results  obtained  from  opera- 
tion  of  the  5-inch-diameter,  connected-pipe,  ram-jet  combustor over the 
range of condit ions investigated . 

1. Flame-immersed  blades  improved  combustion  stability by extending 
the  combustion  limits,  both  rich  and lean, and  by  decreasing  the  minimum 
permissible  inlet  pressure. 

2. Flame-immersed  blade6  improved  combustion  efficiency by improving 
the  mixing of flame with  fresh m i x t u r e  downstream  of a flame-holding 
baffle  without  upsetting  the  stability  of  the  flame  immediately behind 
the  baffle. 

3. Attempts  at  increasing  the  mixing of flame yith fresh  mixture  by 
vortex  generation  upstream of the  flame-holding  baffle  resulted  in 
upsetting  the  combustion  stability of the  baffle, and lowered  the  effi- c 

ciency . 
4.  The action oFthe .flame-immersed  blades  used in this  investigation 

on both  combustion  stability  and  efficiency was primarily  aerodynamic 
inasmuch  as the temperature of the  blades  showed  secondary  significance. 
Nonrefractory  materials,  externally  cooled,  were ewloyed as  immersed 
surfaces  to  improve  conibustion  performance. 

5. A blade  configuration  which  mixed  flame  and  fresh  mixture in the 
combustor.exhibited  less  sensitivity  of  cordbustion efficiency to inlet 
pressure  than was found with  a V-gutter  flame holder alone. 

6 .  Increasing  the  baffle  width  resulted in poorer  combustion  limits 
and efficiency. 

Lewis Flight  Propulsion  Laboratory 

Cleveland,  Ohio 
National  Advisory  Committee  for  Aeronautics 
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TABLE I. - BASIC DATA FOR COlIBilSTION LZMIT3 SHOWN IN FIOURES 5 TO 10 

f l W ,  

lb/sec 
%. 

Nl. nje0tlCUl- 
system 

pressure 

Nulvalenoe Blow-cut 
r a t i o  

165 
166 
187 
168 
169 
170 
172 

160 
173 

186 
187 
188 

266 
267 
268 
269 
270 

274 
271 

275 
276 

201 
200 

202 
203 
204 
205 

x)7 
aD6 

208 

- 

- 

0.781 

.779 

.781 

.893 

.e93 

.e93 
1.378 
1.390 
1.99 
2.015 . a18 . a22 

615 
615 
615 
615 
615 
815 
641 
641 
648 
655 
655 
655 

643 
660 

652 
861 

63 7 
665 
640 
667 
6 6  

- 

1.159 
.e21 Lean 

Rich 

.966 Wn.  press 

1.240 
.785 Lam 

Rich 
1.231 
1.549 

Rioh 
Rioh 

.680 
-669 

Lean 

1.393 
Lean 
Rich 

1.151 
.I84 Lean 

aioh 

1.265 
.so1 

Rioh 

.879 
Lean 

1.038 Kin. press 
Lean 

1.271 Rich 
.a30 Lean 

1.333 . Rioh 
.769 Lean 

1.298 Riah 

230.2 
230.2 
24s.o 
209.7 
2Q9.7 

217.4 

225.1 
219.2 

2z!5.9 
2 p . 6  
e24.7 

225.7 
231.6 
232.0 
€06.4 
P4.8  
227.6 
223.9 
239.6 
194.8 

aO7.1 
206.9 
a2.1 
202.7 
209.4 
209.6 
224.2 
223.7 
1m.2 

209.7 

Lsopentaru 

tn wentam 

0.577 
.377 
.346 
.473 
.473 
.473 
.733 
.733 

1.033 
1 .om 

.+53 

.a3 

0.616 
.E16 

.668 

.a8 

.716 
.716 

1.016 
1 .OM 
.716 

1.m 
1.200 
1.200 

.990 
1.340 
1.360 
2.025 

LOW 

2.025 
1.200 

0.817 
,812 

1.005 
.El2 

1.005 
1.005 
1.400 
1.410 
1.427 

0.43s . W6 
.423 

,633 
.536 

.536 

.733 

1.273 
.736 

609 
617 
613 
goo 
616 
621 
822 
648 

Lsopentant LOW 

1.222 

1.269 
Lean 
Rich 

.792 
1.026 . presa 639 

131 
136 
139 
145 
146 

1.013 
1.370 
1.360 

2.054 
2.052 

0.543 
-696 

1.030 
-696 

1.030 

644 
857 
637 
639 
639 

m . 7  
p3.0 m. 2 
230.0 
230.0 

ca opentanc 

189 
190 
191 
192 
193 

195 
194 

196 

a9 
210 
211 
212 
213 
2lr 
215 
216 
232 

- 

x 

0.918 
.936 

1.001 
-992 

1.422 

1.970 
1.447 

1.973 

0.483 
.483 
.E35 
.53s 
.735 
.?xi 

1 .ou) 
1.033 

601 

609 
809 

6 24 
606 

651 
620 

623 

Lsopentant LCU 1.141 
-968 

Rich 
Lean 

1 .l94 
.sa 

R i c h  

1.289 
Lean 
R i b  

.798 Lean 

.755 Lean 
1.347 Rioh 

205.9 
2l2.7 
-238.2 
m . 4  
212.0 

222.4 
227.8 

214.6 

2l1.7 
220.0 
210.4 

2l5.1 
2p.7 

224.9 
214.2. 
227.3 
190.9 
229.4 - 

599 
627 
610 
657 
815 

bopentam 1.444 
1.434 
1.224 

1 .a29 
1.224 

1.429 
1.998 
1.998 

1.995 
.641 

0.737 
.737 
.E40 
-637 
-757 
-737 

1.0S7 
1.040 

1 .OK) -367 

aioh 

1.289 Rloh 
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TABLE I - BASIC DATA FOR C O m S T I O N  Lu(ITs SHGWN IN FIOURPS 5 TO 10 - Continued 

a3 r- 
CD cu 7 

Run 

- 

228 
217 

219 
220 
2 a  
222 
225 
224 
225 
226 
227 
228 
229 
230 
231 

233 
254 
235 

P 7  
236 

P 8  
239 
240 

457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 

- 

471 
472 
473 
474 
475 
477 
478 
479 
480 
481 
482 
483 
484 
485 
488 
M7 - 

flm, 
lCir #a. 

lb/sac 

1.416 
1.425 
1.204 
1.230 
1.446 
2.015 
2.010 
1.183 
1.182 

-802 
.e19 
.81W 

. -638 -640 

. 643 

-639 
.639 
-812 
.812 

1  A70 
.e12 

1.177 
1 .980 .  

1.955 
1.960 
1.390 

1.150 
1.365 

1.190 
1.190 
1.175 
1.000 
1.005 
.8QO 
.a90 
* 890 
.885 

0.985 
.995 
-685 
.a80 
-880 

-755 
.7m 

,760 
-825 

1.185 
-850 

1.150 
1.375 

1.950 
1.380 

1.940 

I n l e t  
e ta t io  
smseure, 

atm 
P, 

0.737 
.737 
.a37 
. a 7  
.737 

1.037 
1.033 
.a3 
-853 
-435 
* 433 . 435 

-367 
.367 

.330 

-367 
.358 
-433 
-433 .433 .E33 

1.033 
.640 

1.000 
1 .om 

.700 

.700 
-600 .so0 
.So0 
-600 .500 
.SO 
-450 
.450 
.450 
-400 

0.- 
.m .450 .450 .450 
.3l3 
.m 

“0 
326 

.330 
-600 
-600 
-700 
-700 

1.000 
1.000 

nFxtura velooitg.  
In let  In let  

kupr- V, 
a b e ,  Pt/seo 
T 4 

209.6 
222.9 

620 1 2 U . 7  

611 208.4 
624 I 222.9 

229.2 
219 .o 

226.4 

310.4 
243.3 
224.3 
243.4 

gauivalenoa 
ratio 

1.224 
-702 

1.246 
-732 

1.222 
1.225 

1.232 
.6?i3 

1.199 
.762 

1.164 
.855 

1.178 
-946 

1.061 

0.908 
1.044 
1.216 

.e47 

.a67 

1.297 

1.375 
.760 

0.74l 
1.S68 

1.=4 

1.278 
.a15 

1.252 
-798 
.816 
1.220 

1.152 
.668 

1.180 
1.038 

. 7 n  

0.m 
1.276 

.724 
1.274 
1.254 
1.233 

.982 

.882 
-742 
.a73 
.864 

1.377 
.648 

1.382 
-634 

1 .+01 

R i c h  
Lean 
Rich 
Lean 
Aioh 
Rloh 
Lean  
R i c h  
Lean 
Flich 
R i c h  
Lean 
Rich 

Rloh 
Lean 

Laan 
R i o h  
Rich 
Lean 

Rich 
Lean 
Lean 
Rich 

Lean 
Rloh 
Lean 
Rlch 
Lean 
IUCh 
Rioh 
Lean 
Lean 
Rich 
Lean 
Rich 

ln. press 
R i c h  

Lean 
Rich 
Lean 
Rl& 
Lean 
Rl& 

in. press 
in. press 

in. prees 
Lean 

Lean 
Rich 
Lean 
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TABLX I. - BASIC DATA COmSTION LIMITS SHOWN IN FI5URES 5 M 10 - Cmluded 

Figare iiun 
relooity 
Inlat 

rt/sec 
V 

EcWivalanC 
ratio 

BlQ-oUt Fuel Injeotlon- cOnt1g- 
system uratlor 

preasure I 
atm 

9 and 
10 

596 

401 
400 

402 
406 
407 
408 
409 
410 u1 
u 2  
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
42.5 

1.914 
1.914 
1.425 
1.425 
1.181 
1.180 
1.170 

a 975 
.975 
.a75 
.E68 
.770 
.768 
.788 
.765 
.770 
.755 
-768 
1.808 
1.610 
1.650 
1.656 

231.3 
215. F 
246.0 
234.6 
254.3 
233.7 
220.9 
232.2 
2 P . 4  
231.5 
222.0 
2 a . e  
228.2 
228.2 
262.1 
252.4 
269.3 
262.8 
224.9 
2S6.7 
242.6 
239.9 

0.680 
1.398 

1.347 
.684 

-692 
.717 

1.3% 
.726 

1.257 
-767 

1.241 
1.206 

.788 
-803 

1.019 
1.110 

1.014 
.964 

1.S94 
.662 
-652 
-672 

Laan 

. ~ e a n  
Rich 

Riah 
Lean  
Lean 
Rlch 

Riah 
Lean 

Lean 
Rioh 

Lean 
Rich 

Lean 
in. press 
in. pmm 
in. press 
In. pres8 

Rich 
Lebn 
Laan 
Lean 

I 1.000 
636 1.OOO 
670 

658 .700 
670 .7W 

.SO0 659 

.800. 660 

.eo0 62B .600 660 .5M) 655 

.450 660 .+50 638 

.Coo 659 

.KK) 639 

-400 659 
.S4S 652 
.358 651 
.S35 658 
.S50 664 
.850 659 
.a50 693 

.850 683 . 

.am 693 

0.600 649 
.SO0 632 
.SO0 639 
.SO0 640 
.610 641 
.550 648 
.550 639 
.850 675 
.a50 649 

1.OOO 676 
1.00 €47 
1.0W  647 

9 
578 
577 

579 

581 
580 

Ea3 
sa2 

564 
585 
586 
587 
588 

1.185 
1.uo 

-985 
.98S 

1.090 
-985 

1.090 
1.720 
1.720 
1.990 
1.995 
1.965 

Oi886 
1.244 
1.062 
1.088 
1 .Q74 

.952 
1.17s 

.772 
3 -316 

.760 
1.342 
1 .342 

Lean 
Rloh 

Rich 
Lam 

in. press 

Rich 
Lean 

Riah 
Lean 

Lean 
Rich 
Rich 

Pasoline 

10 424 
425 
428 
427 
428 
429 
430 

452 
451 

433 
4s4 

456 
u5 

w 7  - 

0.756 
1.380 
1.314 
1.SW 

.86B 

Q M O l i n e  227.1 
217.1 
2E.4 
2a .5  
" 8  
225.4 
234.1 
227.3 
226.7 
218.6 
P2.2 
240.2 
223 .8  
a 5 . 7  

Lean 
Rich 
RlCh 
Rich 
Lean 

Lean 
Lean 

Lean 
Rich 

Rich 
ln. prese 
Ln. press 
Lean 
RLch 

.934 

.9c4 
1.335 

.a16 
1.228 

.999 

.999 

.789 
1.292 

-800 

.5Qo 

.393 

- 6 0 0  

tV-gutter 2" wide by 2" hish. 
Cooled blades. 
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TABLE 11. - BISIC DATA POR COmUSTIN EFFICLEWCIES 8HOHH IH FIGURES 11 TO 16 

Figure Run Equlvalenua 
ratio 

Bffi- 
alenop, 

n 
Rlel 

uratiw 
conrig- 

I I 

59 
80 
61 
62 
63 
64 
65 
66 
67 

69 
68 

70 
71 

72 
73 
74 
75 

77 
76 

79 
78 

80 
81 
82 
e3 

- 

0.769 
.714 
.660 
.a29 .885 
.942 

1.055 
-997 

1.108 

-885 
.771 

.942 . n e  

3.80 
3.80 
3.60 
3.19 
3.79 
3 *79 
3.79 

3.78 
3.79 

3  -79 
3.79 

3.79 
3.79 

Ir 

1 

2.003 
233.2 685 2.013 
234.0 687 2.015 

234.D 684 

2.010 680 231.2 
2.010 677 

230,4 674 2.000 
230.2 

I 2.000  672  229.6 
~ 2.000 666 228.3 
' 2.000 666 227.7 ' 1.993 233.6 6Lu 

65.2 
63.8 
61.6 
69.1 
76.9 
71.2 
70.9 

62.8 
66.6 

67.8 
72.2 
73.4 
64.6 

62.1 
65.2 
69.6 
70.7 
70.4 
66.1 
59.3 
70.1 
70.8 
69.8 
63 -9 
(U 

3.85 

5.84 
231.1 667 2.000 3.64 
232.1 670  2.000  3.64 
233.8 673 2.000 

3.84 
1.333 663 230.5 

3 -84 
2.010 660 227.6 
2.010 657 226.5 

3 .84 2.007 655 226.0 
3.84 

235.6 674 2 . W  3 .84 
233.6 674 2.000 5-64 
231.3 668 2.000 5.84 
Pg.9 664 2.000 3.84 
228.0 660 2.007 

0.760 
.818 

.930 

1.040 
.985 

1.096 
.985 
-930 
.a73 
-760 
-706 

. a n  

T T 25 
26 
27 
28 

30 
29 

31 

3 2  
33 
34 
35 
36 
37 
38 
39 
40 
41 

12  
11 

l3 
14 
15 

18 
17 

19 
20 
21 
22 

- 

- 

- 

0.520 
-516 - 520 

.520 

.520 

-523 
.523 

633 
626 
621 

628 
625 

619 
618 

232.7 
230.5 
228.4 
230.0 
232.7 
227.9 
227.7 

0.777 
* 896 

1.005 

. e35 

.950 

1.055 
1.no 

1.060 
1.055 
1.060 
1.060 
1.068 
1 .OS8 
1.068 

1.072 
1.056 
1 :070 
1.067 

1.063 
1.066 

1 .OS8 
1.068 
1.068 
1.068 

52.2 
49.7 
46.9 
48.7 
50.3 
42.6 
40 -0 

m.6 
47.6 

52.0 
52.5 

56.4 
62.0 
38 .2  
42.0 

52.4 
49.1 

78.6 
76.7 
57 .O 
81.4 
79.2 

17.2 
75.8 
69.7 
78.9 
80.6 
57.2 

- 
0.520 

-523 - 516 
-516 - 523 
.520 - sa0 
.520 
-520 
.516 T 
- 
614 
614 
617 
Sl9 
823 
612 
609 
616 
6 2 l  
626 I 228.3 

224.1 
230.7 
230.7 
229.1 
U 7 . 1  
226.0 
2a3.2 
230.5 
233.6 

0.992 
-950 
-884 

Isopentam LOW II 

1 

11 

2 7  

"" 

-827 

1.047 
1.U6 
1.052 

-940 

-773 

Isopentanc 0.821 
1.018 
1.261 

.911 

.721 

0.811 
1.020 
1.137 

.925 

Iaopentane L.m 

1.273 
. 7 l s  

Lean blow-aut. 
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TABLE 11. - BASIC DATA FOR COMEZISTION BFFICIELICIES Soy# IN FIOORES 11 TO 16 - Contimed 

Run Air 
flm, 

lb/sec 
Ha, 

alxturf 
I n l e t  

;emper- 
a m ,  a;, 

700 
699 
696 
7 l l  
721 
730 

728 
737 

717 
72s 

728 
740 
740 

VclocitJ 
Inlet  

tt/sec 
V 

rri- 
n lenay, 

config. 
urat la  

P I  
atm 

42 
43 
44 
45 
46 
47 
4a 

50 
4s 

52  
51 

53 
54 

2.065 
2.040 
2.025 
2.020 
2.016 
2.010 
2.010 
2.005 
2.025 
2.025 
2.025 
2.025 
2.025 

1.336 
1.333 
1.326 
1.330 
1.333 
1.333 
1.333 
1.344 
1.m 
1.33s 
1.533 
1.340 
1.353 

195.2 

191.7 
183.0 

U L . 8  
186.5 
196.5 

U 6 . 6  
200.5 

198.8 
lQ6.4 
199.4 
2oL 8 ax. 9 

1.002 

1 . P a  
1.121 

1 . O P  
-919 . el5 
.711 

1.051 
1.128 

1.021 
1.238 

.a15 

.7x 

64.2 

67.0 
77.3 

82.6 

-92.6 
8b.1 

92.4 
83.8 
75.7 
64.3 
84.6 
97.1 
95.5 

Impentane LOW vi1 12 

13 and 
14 

13 

14 

244 
246 
246 
247 
248 
249 
2% - 
360 
359 

36l  
382 
363 
364 
365 
- 

689 
5 m  
691 
59 2 
593 
59 4 
595 
596 
597 
598 
599 
600 
601 

345 
346 
347 

349 
348 

350 
351 

363 
352 

354 
355 
366 
357 
381 

- 

698 
704 
704 
704 
704 
Tu) 
710 

.651 
651 
648 
663 
6+1 
639 
656 

- 

- 
654 
656 
659 

666 
662 

669 
669 
565 
851 

647 
647 

667 
662 

679 
679 

679 
6 73 
670 
666 
663 
659 
656 
652 
650 
644 
841 
669  

- 

202.1 
203.5 

2Dg.l 
237.6 
P O  .o 
210.0 

m2.2 

24.3 
26.5 114 
(b)' 

58.0 

82.9 
( b )  

85 .9 

61.9 
64.6 

57.1 

- 

- 
63.5 
58.4 
60.5 
61 .O 
60.9 
$9.6 

55.3 
51.5 
46.6 

60.2 
81.9 

85.4 

(bJ 

(4 

- 
83.8 

8 2 4  
86.5 
86.8  
86.4 
85.6 
8 4 3  
81.7 
76.9 
72.9 
69.5 
80.1 

0.863 
-759 
.794 
.68l 
.SO8 

-711 
.7ge 

0.774 
.732 
.864 

1.064 
.946 

1.127 
1.217 

2.1M 
2.160 
2.160 
2.186 
2.180 
2.185 
2.185 

1.736 
1.735 
1.725 
1.736 
1.720 
1.725 
1.730 

1.715 
1.710 
1.715 

1.715 
1.720 

1.715 
1.715 

1.715 
1.720 
1.715 
1.716 
1.725 
1.720 

1.660 
1.655 

1.675 
1.655 

1.670 
1.675 
1.680 
1.685 
1.690 
1.680 
1.700 
1.690 
1.705 
1.67Q 

1.675 
1.666 
1.665 
1.665 
1.665 
1.855 
1.666 
1.655 

1.650 
1.655 

1.660 
1.660 
1.655 
1.655 

1 . X 3  
1.347 
1.357 
1.333 
1.333 
1.333 

. 1.333 

1.OOO 
1 .ooo 
1 .m 
1 .ooo 

1.OOO 
1.OOO 

1 .m 

1.ooO 
1.m 1.m 
1.000 
Loo0 
1.000 
1.ooO 

1.OOO 
LOO0 

1.ooO 
1.ooO 
1 .ooo 
1 .ooo 
1.m 
1.ooO 
1 .ow 
1.000 

1.ooO 
1.OOO 

1.ooO 
1.ooO 
1.000 
1 .ox5 
l.O'l3 
1.023 
1.025 
1.ooO 

Isogsntane LaC 

aaaoline m3.9 
203.9 
201.0 
201.4 
198.9 
U8.8 
198.5 

202.3 
aO2.3 
w . 2  
205.5 
X 6 . 2  
237.1 
m 7 . 1  
202.9 
202.1 
220.3 
m . 3  
207.7 
205.5 

m.4 

202.8 

201.8 
205.3 

201.2 
2001.0 

189.9 
200.3 

195.0 
136.7 
191.9 
192.7 
U8 .6  

m2.a 

1 

IO 1.164 

1.047 
1.116 

-976 
.g14 - 850 ~~. 

1.l& 
1.- 
1.318 
1.353 

1.012 
.939 

0.765 
.?24 

.801 

.697 

.a50 

.881 

-974 
.932 

1.016 
1.069 .. 
1.100 
1.153 
1.189 

.a92 

.7e3 

. 

382 
383 
S84 
565 
386 

388 
387 

390 
389 

391 
592 
393 
394 
395 

663 
667 

670 
670 

666 
662 
658 
654 

2668 
654 

672 

660 
664 

680 

m . 4  
200.3 
201.4 

199 .o 
201.4 

197.8 
197 -7 
195.4 
195.4 
199.0 
Z31.3 
l s 8 . 8  
LB1.2 
197.2 

0.828 . Bo8 
.763 
-748 

1.084 
.994 

1.171 
1.273 

1.w 
1.321 

1.129 
-942 

1.228 
1.316 

82.1 
82.7 
82.3 

80.8 
77.6 
70.3 
61 .O 

80.0 
85.6 
73-0 
65.2 

(b 1 

(a) 

(a) 

Gasoline 

'Rich blow-out. 
)Lean blow-out. 
3v-gutter 2" wide by 2" high. 
booled bladea. 
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TABLE II. - BASIC DATA FOR COMEUSTION  EPFICIKMCIES SHOXH IN FmURES 11 To 16 - Cmoluded 

W e t  
s t a t i c  
)reamire 

P, 
atm 

Fuel C a p f i g .  
II1.atlCE 

Run 

625 

625 
624 

626 

628 
627 

650 
629 

631 

366 
367 
368 
369 
3 70 
371 

2;: 
3 75 
374 

832 
633 
634 
635 

637 
636 

638 

florrr, 
All? 

Ha. 
lb/sco 

1.145 
1.145 
1.145 
1.145 
1.153 
1.145 
1.145 
1.145 
1.160 

PFrture 
Inlet 

:emper- 
aturc, 

a;, 
658 
654 
650 
650 
655 
658 
660 
662 
665 

Spuivalenoe 
ra t io  

E r n -  
O l e n c y ,  n 

Injection- 
s y s t e m  
pressure 

0.666 
-666 
-666 
.666 
-666 
-666 
-666 
-666 
-666 

69.4 
66.7 
82.0 

70 -3 

77.2 
74.4 

78.5 
78.4 

( 4  

Oaaoline 1 .w 
1.172 
1.110 

1.240 
1.M4 

.986 

vIr 

I 

.924 . ea2 

.790 

0.944 
.a85 
.a19 
.777 

1 .008 
1.081 
1 .I33 
1.201 
1.264 
1.339 

1.125 
1.120 

1.120 
1.120 

1.120 
1.llo 
1.120 
1.120 
1.120 
1.1m 

1.160 
-766 
-765 
-760 
-765 
.760 
.760 

0.666 
-666 
.666 
.666 
-686 
-666 
-666 
.666 
.666 
.666 

0.666 .u3 
.450 
.4m 
.a53 
.a50 
.am 

198.7 
197.7 
198.5 
198.3 
196.2 
193.5 
194.4 
193.5 
192.6 
192.6 

208.9 
203.3 
m . 2  
198.8 
198.9 
199 -8  
199 -8  

201.3 
xKl.5 

199 .a 
199.8 

199.8 
202.5 
M2.7 
20s .1 
xl3.4 
202.7 
x u . 5  
M4 .8  

(tasoline VII 
64.1 

65.7 
66.9 
69 -7 
(b) 

64.0 
65.1 

$8.6 
61.5 

( 4  
69.1 
65.9 

70.1 
71.6 
72.6 
73.2 
(b) 

(b 1 
(a) 

82.2 
79.7 

80.8 
82.0 
81.2 
79 -1 
76.7 
69 -9 
82.0 
53.2 

81.4 
80.8 
(b 

76 .3 
77.5 

65.2 
71 .Q 

57.2 

(a) 

665 
653 
653 
652 
653 
656 
656 

656 
654 

651 
651 

651 
660 
661 
662 
663 

668 
665 

668 

(lasoline 640 
641 

643 
642 

644 

646 
645 

647 
648 
649 
850 
651 

652 

654 
653 

665 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 

1.078 

1.162 
1.118 

1.245 
1 .XI6 

1.078 
1.055 

-990 
.946 

.a54 

.902 

.a38 

VI1 

vII 

VI1 

97- 

1.740 
1.735 
1.735 
1.735 
1.740 
1.740 
1.740 
1.740 
1.740 
1.745 
1 - 7 6  

1.740 
1.740 

1.740 

1.W 
1.440 

1.440 

1.440 
1 .a0 

- 

1.000 
1.000 
1.000 
1.000 
1.ooO 
1.000 
1.OOO 
1.ooO 
1 .ooO 
1.ooO 
1 .ooo 
1 .ooo 
1 -0oO 
1.OOO 

686 
691 
687 
685 
682 
679 
677 
672 
668 
662 
662 
687 
688 
688 

218.6 
216.2 
215.7 
214.5 
214.0 
w . 2  
212.6 
211.0 
209.7 

208.3 
208.3 

P5.6 
215.9 
215.9 

0.771 
-819 

-903 
.8W 

. 9 u  
-988 

1 .os2 
1.120 
I .2 l2  
1.296 
1.344 

-771 
-730 
-686 

D M  ollne 

666 
667 
668 
669 
670 

676 
682 

672 

664 
668 

" 

0.833 
"3 
.833 .833 
.833 
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Inlet heated and 
metered air 

ir i n l e t  holes 

m 

I 
15 ' 

P 
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I I , 2678 
a 

Quench 
water 

Figure 2. - Five-inch-diameter, commuted-pipe, r a m -  Je t  combustor. 
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. . . . . . . . . . . . . . . . .. . 

. I  

P 
F (b)  Molybdenum blade, refractoryoand 

oxidntion resistant up to 3000 f . 

Higure 3 .  - Photograph of two tries M flame-imersed blade used in 5-inch-diameter 
ram-jet cmbuep .  

8L92 

br 
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(b)  Configuration 11; 12 b l ades   i n   l i ne  and  perpendicular t o  axis. 

I) 

(c)  Configuration 111; blades  in  posit ions 1, 4, 7, and 10. 

I) 

(a) Configuration IV; blades  in  posit ions 7 t o  12. 
CD- 2 8 8 0  

Figure 4 .  - Various  geometrical  configurations  used in   invest igat ion.  
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(e) Configuration V; 12 blades. in l i n e  ana p a r a l l e l  t o  a x i e .  

I) 

( f )  Configuration VI; 1 2  blades  turned 4S0 to ax i s  and  alternating. 

(8) Configuration VII; 12 blades positioned for mixlng. 

(h) Configuration VIII; vortex generators  upstream of V-gutter. 

Figure 4 .  - Concluded. Various  geometrical  configurations  used i n  investigation. 
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. 
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Equivaleme ratio 

( 0 )  C o n t ~ t l o p  v. 
Figure 6. - Continued. Capmiam of combustion l imita  of s e m r a l  ooniigurationa wlth combustion 

limit6 of aoatiguratlone I and 11 ea ahown in f i m  5. Inlet oodltloxm: tempemdame, 200' lr; 
valwity;220 feet per emold.  End, ieopentane with  lou-pressure injeotion. 
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1 

1 

s 
h 
1 
3 B B u 

.6 .7 

NACA RM E53B16 

I 0 1.0 1.1 1 .e 1.3 1.4 
Equivalenae ratio 

F m e  7 .  - Ccrapar i sop  at o c a h q t l o n  Units of epaeollne Sld i s o p e n t a ~  ln oonilipcratlon TI. Inlet 
conditions: tempersture, la B; vdoolty, 220 feet  per m e a d .  Low-pressure fuel 1uJmtion. 
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1 

d 
k 

29 

.6 .7 .8 .B 1 .o 1.1 1.2 1.3 1.4 
Equlvsle€me r a t i o  

Flgure 8 .  - Combuetloa limita of o o n i i g u r a t i o m  I a d  II. Inlet oorditlons: temperature, 2OO0 F; 
veloalty,  200 feet per snood. Bud, gasoline e t h  high-preeaure InJectIon. 
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1 .o 

.9 

.e 

4 
k .7 

k 
t 
2 
6 .e 

I D 

.5 

.4 

.3 
.6 .7 .a 1.0 1.1 1.2 1.3 1.4 

EQuivdLenoe ratio 
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Equivalence ratio 

(c) Inlet  conditions:  pressure, 1.33 atmosphereej  temperature, 260' F; 
velocity, 200 feet per eecond. 

Figure 11. - Combustion  efflclenclee of conflguratiohs I and I1 at several 
Inlet  conditions. Fuel, leopentane wlth low-preasure  Injection. 

t 

k 
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.7 .8 .9 1 .o 1.1 1.2 1.3 
Equivsleme ratio 

Ftgure 12. - Combustion ef f ic iencies  of configuration8 I, 11, VII, and V I I I .  
Inlet conditions:  pressure, 1.33 atmospheres; temperature, 2500 F; veloc- 
ity, 200 feet per  second. Fuel, isopentane with low-preesure injection. 
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. 

Equivalenae ratio 

. 

.7 .8 .9 1 .o 1 .I 1.2 1.3 
Equivalence r a t i o  

Figure 14. - Colabarmtion effioienoiea of oodiguration I and of oonfignration VII vith 
both oooled and unoooled bladee. Inlet oonditione: pressure, 1 atmoephere; tem- 
perature, 200' F; velooity, 200 feet per eeoond. Fuel, gaeoline with high-pretlaure 
injection. 
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.. 
F 

Equivalenoe ratio 

Figure 15. - Canbution effiolenciw of configuratioue I and VII. Inlet 
oonditione : premure, 0.67 atmos here; tem emture, 200' F; velmity, 
200 feet per swond. Fuel, g ~ ~ ~ o l f x m  vith dgh-pfeeeure injaation. 

.. 
F 

L 

" 

.7 .a .9 1 .o 1.1 I .2 
EQuiValeIKm ratio 43 

Figure 18. - Canbustion effioienoiee of ooaflguratlonVII at meveral I n l e t  
pressures. Inlet codi t ione:  temperatwe, 200' F; velocity, 200 feet 
per eeooond. Fuel, gaaoline with high-pressure injeotlon. 
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80 I I 
Slope 

60" 0 . 1 7 6 J ~  t-t-q" 
40 

Configuration VII, 12 bla8w poaitiOaea 

Confignration I, V-guttez alone. Data 
fm miring. Data from fis. 16 

frcrm fig. 4 of ref .. 5. Inlet tempera- 
ture,  BOO $; met v e ~ ~ i t g ,  190 ft/eec 

.1 .2 .4 .6 .8 1 2 4 6 8 1 0  
! C c m i b u m t o r - i n l e t  pressure, a b  

Figure 17. - Caqwrison of w l a t i o n  of ccunbustion efpioiency with inlet p?essure of con- 
figaretions x anb VII. 
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